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Simulating Growth and Yield Responses of Sorghum to Changes in Plant Density 
ABSTRACT 
Though numerous field experiments have been conducted on the 
effects of plant density on growth and yield of sorghum ISorghum 
bicobr (L.) Moenchl, tests showing the ability and validity of a 
sorghum simulation model to respond to changes in plant density 
have not been reported previously. Thus, a field experiment was 
conducted at ICRISAT Center, Patancheru, India, in the 1983 rainy 
season on a Vertisol (fine, clayey, montmorillonitic, isohyperthennic 
Typic Pellusten) to test the validity of the sorghum simulation model, 
SORGF, for nimulating the effect of plant density on growth and 
development of sorghum. Simulations were compared to data ml- 
leaed on phenology, l e d  area indices (LAI), totd dry matter (TDM), 
and grain yield for five plant densities (4, 8, 12, 16, and 20 plants 
m-') of two sorghum cultivars (CSH 6 and SPV 351). Observed 
TDM m d  grain yield increased up to 16 plants m-I, while simulated 
TDM and #rain yield increased up to 20 plants m-z. The model, on 
averwe, underestimated TDM by 8% and overestimated grain yield 
by 2%. Good agreement between observed and simulated LAI, TDM, 
and grain yield across five plant densities and two cultivars was 
supported by the insignificant differences of observed and simulated 
values from a one-toane line. The model was further validated usin8 
climatic data from the ICRISAT Center between 1976 m d  1984. 
Simulated grain yield using plant densities of 12 plants m-I were 
within 3% in 6 yr and between 11 and 20% in the other 3 yr of 
observed data using plant densities of 13 plants m-'. Results from 
this study suggest that the SORCF model appears useful for sim- 
ulating the effect of plant density on the growth and yield of well- 
managed sorghum when input data on cultivar, climate, roil, and 
agronomic management are available. 
Additional Index Words: Sorghum bicolor (L.) Moench, Phenol- 
my, Led area index, Dry-matter accumulation. Dry-matier distri- 
bution. Simulation model. 
T HE EFFECI' of plant density on grain yield of sorghum has been extensively studied (Stickler 
and Younis, 1966; Blum, 1967, 1970; Natarajan and 
Willey, 1980; Myers and Foale, 1981). Fischer and 
Wilson (1 975) at Redland Bay, Queensland, Australia, 
reported that maximum grain yield (14 t ha ') of 
sorghum (cv. RS 6 10) was obtained at the highest plant 
density of 64.5 plants m-2. Freyman and Venkates- 
warlu (1977) found that under rainfed conditions in 
Alfisols of the Deccan plateau in India, maximum (1 1 
t ha- ' )  sorghum (cv. CSH 5) grain yields were ob- 
tained at the highest plant density (22 plants m-2). On 
the other hand, Balasubramanian et al. (1982) ob- 
served from their study under dryland management 
conditions at Hyderabad, India, that sorghum grain 
yields increased from 3.9 to 4.2 t ha ' with an increase 
in plant density from 7.5 to 12.5 plants m-', but de- 
creased at still higher plant densities (3.8 t ha ' at 17.5 
plants m-2 and 3.5 t ha-' at 22.5 plants m-l). 
The results obtained from field experiments tend to 
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be location-specific. Hence, crop simulation models 
based on crop, soil, weather, and management data 
may be used as research tools for generalization of 
research findings and to generate recommendations 
for specific locations (Jordan and Sullivan, 1982). 
Though numerous field experiments have been con- 
ducted to study the effect of plant density on the growth 
and yield of sorghum, tests showing the ability and 
validity of a sorghum simulation model to respond to 
changes in plant density have not been reported. An 
experiment was conducted to test whether the sorghum 
simulation model, SORGF, developed by Arkin et al. 
(1976) and modified by Huda et al. (1984). can be used 
to simulate growth and yield responses of sorghum 
due to changes in plant density. The SORGF model 
calculates daily growth and development of an aver- 
age grain sorghum plant under adequate management 
(sufficient plant protection and recommended doses 
of nutrients) in a field stand. It accounts for phenol- 
ogy, leaf area development, light interception, and 
water use. Daily potential dry-matter production is 
calculated from radiation intercepted per day, and the 
net dry-matter gain per day is calculated by accounting 
for temperature and drought stress. Distribution of 
dry matter into different plant parts is based on the 
plant developmental stage and on cultivar character- 
istics. The final total dry matter (TDM) and grain yield 
per unit land area are determined by multiplying the 
TDM and grain yield of a single plant at physiological 
maturity (PM) by the plant density, respectively. 
The objectives of this study were (i) to test the va- 
lidity of the SORGF model compared to observed data 
on phenology, leaf area index (LAI), TDM, and grain 
yield for five plant densities of two sorghum cultivars, 
CSH 6 and SPV 351, and (ii) to simulate grain yield 
of sorghum for five plant densities using climatic data 
from the ICRISAT Center between 1976 and 1984, 
comparing observed grain yields for a plant density of 
13 plants m-2 in those years, to the simulated grain 
yields. 
MATERIALS AND METHODS 
Field Experiments 
The plant densrty experiment was conducted a t  the 
lCRISAT Center, Patanchem, near Hyderabad, India (11°32' 
N Lat., 78" 16' E Long.) during the 1983 rainy season on a 
Vertisol. Plant extractable water in the top 1.27 m of the 
profile is 0.1 5 m; the upper and lower limits of plant ex- 
tractable water in the profile are 0.55 and 0.40 m, respec- 
tively. The upper limit is defined (Russell, 1980) as the 
amount of water retained by an uncropped profile following 
cessation of drainage after infiltration of water in excess of 
that required to fully recharge it. The lower limit is defined 
(Russell, 1980) as the minimum water content remaining 
throughout the profile as measured in the field after growth 
of a well-managed, deep-rooted, long-season crop grown in 
the postrainy season with no irrigation. 
The experiment was conducted using a split-plot design 
with three replications. Five plant densities r w n g  from 4 
to 20 plants m-= formed the main plots (30 by 12 m), and 
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Table 2. S u m  of -hum phenologid and weather data during tbe 1983 rainy lvrsaa at the ICRISAT Center, Patmchau, A.P.. Iadht 
Emergence to panicle Panicle initiation Antheals to phyaiologicd 
initiation (GS11 to antheais (GS2l 
.- 
maturity IGS3) 
Phenologylweather parametersf CSH 6 SPV 351 CSH 6 SPV 351 CSH 6 SPV 351 
Obaerved 
Duration (days) 19 27 
LSD (0.051 to compare cultivvs 1 
Simulated 
Duration (days) 17 26 
Totd r u n f d  lmml 93 125 
Maximum temperature I0Cl 32.8 32.4 
Minimum temperature (TI 23.6 23.6 
Open pan evaporation (mml R 7 
S o h  radiation (MJ m-'I 15.7 15.4 
t All values except runfall are duly averages. t Data on obsen 
dry-matter gain is calculated by accounting for temperature 
and drought stress per the original SORGF model. 
Previous studies (Huda et al.. 1980 and 1982) have shown 
that the percentage of TDM present in culm, head (includes 
grain), and grain is different between C'SH 6 and SPV 351 
at both anthesis and PM. The original SORGF does not 
allow for cultivar differences in distribution of dry matter 
among plant parts. To account for the cultivar differences, 
the distribution coefficients for leaf, culm, head (includes 
grain), and grain as observed at PI, anthesis, and PM by 
Huda et al. (1982). were given as input data to the model. 
Simulated dry matter in any given plant pan is obtained by 
multiplying TDM by the fraction of TDM found in that 
plant part on any given day. The fraction of dry matter in 
each plant pan for any given day is a linear look-up function 
(based on GDD) between the distribution coefficients for 
any two successive growth stages (e.g., from emergence to 
PI. from PI to anthesis, and from anthesis to PM) for each 
cultivar. 
Grain yields of CSH 6 were simulated for five plant dens- 
ities ranging from 4 to 20 plants m-? using climatic data 
from the ICRISAT Center between 1976 and 1984. Except 
for the present experiment in 1983. observed data for var- 
ious plant densities were not available from 1976 to 1984 
for comparing the simulated data. Howeyer, grain y~eld ata 
under adequate management ( I? g N m - and sufficient plant 
protection against diseases and insccts) were supplied for 
CSH 6 (1976-1984) at one plant density (13 plants m ~ ' )  
grown on 0.75-m ridgcs (D.S. Murty. 1985. personal com- 
munication). 
RESULTS AND DISCUSSION 
Weather 
Weather data for the different growth periods (GS I ,  
GS2, GS3) during the experiment are summarized in 
Table 2. Total rainfall from June to October was 1021 
mm, which was 52% above average. The distribution 
of rainfall between June and October indicates suffi- 
cient water for crop growth at all times (Fig. 1). Av- 
erage air temperature in GSl, GS2, and GS3 was 28.1, 
26.0, and 2 5 5 ° C  respectively. 
Phenology 
The SORGF model does not consider the effects of 
plant density on simulated durations of growth pe- 
riods. In agreement with SORGF coding, observed 
phenology in this experiment was not affected by 
changes in plant density. Simulated durations of GSl, 
GS2, and GS3 were within 1 to 2 d of the observed 
34 34 34 34 
351 426 297 315 
29.6 29.2 29.0 28 7 
22.7 22.6 22.4 22.1 
5 4 4 4 
14.1 14.6 14.9 14.1 
fed phenology are averaged over five plant densities and three replications 
durations except for GS2 in SPV 35 1 (Table 2). Based 
on cultivar coefficients developed from earlier studies. 
the model was coded to predict differences between 
CSH 6 and SPV 351 for the duration of GSI. The 
predicted duration of GS2 and GS3 was 34 d for both 
cultivars. The predictions were close for CSH 6, but 
the observed duration of GS2 in SPV 351 was 6 d 
longer than that predicted (Table 2). Apparently, GS2 
in SPV 351 has higher GDD requirements than those 
reported by Huda et al. (1982). The GDD require- 
ments reponed in that study for GS2 in SPV 351 were 
higher than those for CSH 6, but both the cultivars 
had been grouped together for GSZ because the dif- 
ference was not statistically significant. The effects of 
daylength on the duration ofgrowth stages in SPV 351 
need to be investigated. 
Leaf Area Index 
The leaf area of an average plant is simulated on a 
daily basis from the cultivar input data on the total 
number of leaves and the maximum area of each leaf. 
The simulated LA1 accounts for plant density and leaf 
area for each plant. Comparisons between observed 
and simulated LA1 of CSH 6 and SPV 351 achieved 
at anthesis and at PM are shown in Fig. 2. 
JUN JUL AUG SEP K T  
MONTHS 
Fig. 1. Weekly total rainfall disalbution at the lCRlSAT Center, 
Pata~~cheru, for the 1983 rainy season, and m average for 1901 
to 1984. 
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Fig. 2. Relationship between observed and simulated leaf area in- 
dices at (A) anthesis and (B) physiolo~ical maturity of two sorghum 
cultivars ( e  = CSH 6, 0 = SPV 351) for five plant densities (1- 
5 denotes lowest to highest density) in the 1983 rainy season at 
the ICRISAT Center. Patancheru. Values of the regression equa- 
tion in parentheses refer to standard errors of the estimate. Solid 
horizontal bars represent the LSD (0.05) of the observed means 
to compare cultivars at the same plant density. Dashed horizontal 
hars represent the LSD (0.05) of the observed means to compare 
plant densities at the same cultivar. 
Both observed and simulated LA1 increased with 
plant density (Fig. 2A). Observed LA1 was consis- 
tently greater for SPV 351 than CSH 6 at each plant 
density, but a significant difference between the two 
cultivars was found only at 12 plants m-?. The cor- 
relation coeficient between observed and simulated 
LA1 pooled over two cultivars and five plant densities, 
was 0.97. The residual standard error (rse) was 11% 
of the mean observed LA1 (2.91). The difference be- 
tween observed and simulated values shows that on 
average, simulated LA1 was 3% lower than that ob- 
served (i.e., a bias of - 3%). Insignificant differences 
between observed and simulated values were sup- 
A) Totol dry rnotter ,/ 
- 1600 - Y * O.B12X+ 120 
N 
'E ( 0 . 0 9 9 )  (118) 
P rre = 79 
- r ' 0 9 4  
K 
o l . l l l l l l l I  
0 4 0 0  800 1200 6 0 0  
OBSERVED TOTAL DRY MATTER (g 6') 
OBSERVED GRAIN YIELD ( g  
Fip. 3. Relationship between observed and simulated (A)  total dry 
matter and (B) grain yield of two sorghum cultivars ( e  = CSH 6, 
0 = SPV 351) for five plant densities (1-5 denotes lowest to high- 
est density) in the 1983 rain) season at the ICRISAT Center, 
Patancheru. Values uf the regression equation in parentheses refer 
to standard errors of the estimate. Solid horizontal bars represent 
the LSD (0.05) of the observed means to compare cultivars at the 
same plant density. Dashed horizontal bars represent the LSD 
(0.05) of the observed means to compare plant densities at the 
same cultivar. 
ported by the tests of significance for intercept and 
slope of the regression line. The intercept and the slope 
were not significantly different from 0.0 and 1.0, re- 
spectively, based on the t test. 
LA1 at Physiological Maturity 
Simulated LA1 increased with plant density (Fig. 
2B). Observed LA1 also increased with plant density, 
but the difference in LA1 between 16 and 20 plants 
m-2 was not significant. Observed LA1 was consis- 
tently greater for SPV 351 than CSH 6 at each plant 
density, but significant differences between the two 
cultivars were found at 8, 12, and 16 plants m-2. Av- 
eraged over five plant densities, observed LA1 at PM 
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Table 3. Dry-matter distribution coeffiaents used model input and observed percentage of total dry matter present in leaf, culm, head (includes grain), and grain at anthesis and phyniological maturity for two sorghum cultivars at five plant densities in the 1983 rdny 
season at the ICRISAT Center, Patancheru, A.P., India. 
- 




Leaf Culm Head l~ncludea grain) 
-
- -  
Grain 
Plant density CSH 6 SPV 351 CSH 6 SPV 351 CSH 6 SPV 351 CSH 6 SPV 351 
% -- 
f i a n t k  
Model input lall dens~t~esl 25 22 57 66 18 12 
Obwrvd plants m ' 
4 22 26 56 58 22 16 
8 24 24 57 61 19 I5 
12 24 26 5% 60 17 14 
16 25 26 58 61 17 13 
20 26 25 58 60 16 15 
LSD,t 3 3 2 
LSDp 4 3 3 
Baby s l o l ~ m a ~  
Model lnput (all dena~t~esl 1 1  12 32 45 57 43 45 32 
Observed plants m ' 
4 9 6 36 47 55 47 4 1 33 
8 11 7 37 53 52 40 42 31 
12 12 9 38 5 1 50 40 39 32 
16 10 9 40 53 50 38 39 30 
20 10 9 43 52 47 39 35 28 
LSD, 2 11 R 7 
LSDp 2 9 b 6 
t LSD, = LSD 10.061 of observed values to compare cultivars a1 the same plant density 
LSDp = LSD (0.051 of observed values to compare plant densities for the same cultivar 
was 56% of the LA1 at anthesis in CSH 6, and 60% of 
the LA1 at anthesis in SPV 35 1. Simulated LA1 at PM 
was nearly 50% of the LA1 at anthesis in both CSH 6 
and SPV 35 1. Consequently. the model simulated daily 
leaf growth and senescence well. The correlation coef- 
ficient, between observed and simulated LA1 values 
at PM pooled over two cultivars and five plant dens- 
ities, was 0.93. The rse was 16% of the mean observed 
LA1 (1.70). The difference between observed and sim- 
ulated values shows that on average. simulated LA1 - ~ - .  ~ 
 was^ 13% lower than that observFd (i.e., a bias of 
- 13%). Insignificant differences between observed and 
simulated values were supported by the tests of sig- 
nificance for the intercept and slope of the regression 
line. The intercept and the slope were not significantly 
different from 0.0 and 1.0, respectively, based on the 
I test. 
Although not always statistically different. the greater 
LA1 at each plant density for SPV 351 compared to 
CSH 6 at anthesis or PM is consistent with its longer 
GS2 duration. The poorer fit of observed and simu- 
lated LA1 for SPV 35 1 is because of poorer prediction 
of GS2 duration. 
Total Dry Matter 
Simulated TDM increased with plant density in both 
cultivars. In CSH 6, though observed TDM increased 
up to 20 plants m-?, there was no significant difference 
in TDM between 16 and 20 plants m-?. In SPV 351, 
observed TDM increased up to 16 plants m-? (Fig. 
3A). Observed TDM was greater in SPV 351 than in 
CSH 6 except at 16 and 20 plants m-?, where TDM 
of both cultivars was similar. The correlation coeffi- 
cient, between observed and simulated TDM data 
pooled over two cultivars and five plant densities, was 
0.94. The rse was 7% of the mean observed TDM ( I 164 
g m-!). The difference between simulated and ob- 
served TDM shows that on average, simulated TDM 
was 8% lower than that observed (i.e.. a bias of - 8%). 
Insignificant differences between observed and simu- 
lated values were supported by the tests of significance 
for the intercept and slope of the regression line. The 
intercept and the slope were not significantly different 
from 0.0 and 1.0, respectively, based on the t test. 
Dry-Matter Distribution 
In the revised SORGF model, simulated dry matter 
in any given plant part is obtained by multiplying 
TDM by the fraction ofTDM found in that plant part 
on any given day. The fraction of dry matter in each 
plant part is a linear look-up function (based on GDD) 
within each growth phase where cultivar-specific val- 
ues for fraction leaf, culm, head (includes grain). and 
grain at PI, anthesis, and PM are inputs into the model. 
Huda et al. (1982) reported that dry-matter distribu- 
tion coefficients were similar for CSH 6 and SPV 35 1 
at emergence (100% to leaf) and PI (64% to leaf, 36% 
to culm), but varied between cultivars at anthesis and 
PM. To account for cultivar differences in the distri- 
bution of TDM, dry-matter distribution coefficients 
obtained from previous studies (Huda et al.. 1982) 
were used as the model input (see model input. Table 
3). In agreement with the model input, the observed 
percentage of TDM present in different plant parts at 
anthesis and PM varied in the 1983 experiment be- 
tween CSH 6 and SPV 35 1 (Table 3), and did not vary 
between cultivars at PI (results not shown). The model 
does not allow for the effects of plant density on the 
distribution of dry matter to different plant pans, al- 
though the minor effects of plant densities are evident. 
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The model results agreed well with the observations 
from the 1983 experiment except at 20 plants m-?, 
where the percentage of TDM in head (includes grain) 
and grain at both anthesis and PM was slightly re- 
duced (Table 3). The use of the same harvest index 
(percent of TDM present in grain at PM) in the model 
for all plant densities caused the model to overesti- 
mate grain yield in CSH 6, particularly at lower plant 
densities where simulated TDM was very close (be- 
tween 2 and 4%) to the observed TDM. On the other 
hand, the underestimation of grain yield in SPV 351 
was primarily due to an underestimation of TDM. 
Both the original and the revised subroutines on dry- 
matter distribution are based on empirical data. A bet- 
ter understanding of the dynamic (daily) dry-matter 
partitioning under a wide range of environmental con- 
ditions is needed if the model is required to simulate 
accurately the mass of different plant parts on a daily 
basis. This could improve the simulated yield re- 
sponse at high plant densities. However, for simulat- 
ing final grain yield, harvest index (usually a cultivar 
characteristic as reported by Fischer and Wilson [I 9751 
and Monteith [1986b]) can more easily be used to con- 
vert simulated TDM. Data on harvest index are fre- 
quently available, whereas the calculation of dynamic 
partitioning requires intensive in-season growth sam- 
pling. 
Grain Yield 
Simulated grain yield increased with plant density 
in both CSH 6 and SPV 351 (Fig. 3B). Observed grain 
yield did not increase for densities greater than 16 
plants m-' in either cultivar. Because the SORGF 
model assumes well-fertilized conditions, the model 
response of higher yields at 20 plants m-? may indi- 
cate possible nutrient deficiences at high populations 
in the 1983 field experiment. Though 18 g N m-2 was 
applied during the growing season, some N had prob- 
ably been leached from the root zone, as there was 
1021 mm rain (52% above average) during June to 
October. This N stress may have limited grain yields 
for the 20 plants m-2 treatment to a level not signif- 
icantly different from yields for densities of 16 plants 
m-?. Additional applications of N might have in- 
creased the yields for plants grown at 20 plants m-2 
Table 4. Obacrval grain yield of -hum (cv. CSH 6) at 13 plants 
m-' and simulated grain yield of mrghum (cv. CSH 6) for five 
plant dedtiea from 1876 to 1984 in a V d m l  at the JCRISAT 
Center. Patancheru. A.P.. India. 
Simulated grlin yield at five plant 
Obnerved densities, p b t a  m-' 
D a t a  of slia yield at 
DbtIU! 13 D h t s  IT-' 4 8 12 16 20 
7 June 1976 
26 June 1977 
1 July 1978 
23 June 1979 
11 June 1980 
24 June 1981 
18 June 1982 
28 june 1983 
18 June 1984 
t Obraved pakt yield data obtained from D.S. Murty. 1986. perwnd 
communication. 
so that yields would have continued to increase for 
higher plant densities as indicated by the model sim- 
ulations and as reported by Fischer and Wilson (1 975) 
and Freyman and Venkateswarlu (1977). 
Both observed and simulated grain yield were greater 
for CSH 6 than for SPV 351, particularly at 16 and 
20 plants m-!. This was due to a greater rate of dry- 
matter accumulation during grain filling (GS3) in CSH 
6, particularly at 16 and 20 plants m-?. For example, 
the observed rates during GS3 were 14, 19, 20, 26, 
and27 m ? d  inCSH 6,and 15,21,21,  22,and f -  1 9 g m -  d ' inSPV 351 at 4,8,  12, 16,and20plants 
m-" respectively. Simulated dry-matter accumulation 
rates during GS3 were similar for the two cultivars, 
and the values were 12, 17, 19, 2 1 ,  and 22 g m-2 d -  ' 
at 4, 8, 12, 16, and 20 plants m-:. Because the duration 
of grain filling was similar in the two cultivars, greater 
observed rates of dry-matter accumulation in CSH 6 
during GS3 at 16 and 20 plants m-2 resulted in greater 
grain yield. The correlation coefficient, between ob- 
served and simulated grain yield data pooled over both 
cultivars and all plant densities, was 0.90. The rse was 
10% of the mean observed grain yield data (400 g m-'). 
The difference between observed and simulated values 
shows that on average, simulated grain yield was 2% 
greater than that observed (i.e., a bias of 2%). Insig- 
nificant differences between observed and simulated 
values were supported by the tests of significance for 
intercept and slope of the regression line. The inter- 
cept and the slope were not significantly different from 
0.0 and 1 .O, respectively, based on the t test. 
Yield Simulation from 1976 to 1984 
Grain yields of CSH 6 were simulated for five plant 
densities ranging from 4 to 20 plants m-? using cli- 
matic data from the ICRISAT Center between 1976 
and 1984 (Table 4). Observed grain yield data were 
available for one plant density (13 plants m-'). The 
results show that the observed grain yield data at 13 
plants m-! were close to the simulated data using a 
plant population density of 12 plants m-' or more. 
For example, simulated grain yield data using 12 plants 
m-? were within 3% in 6 yr (1976, 1977, 1979, 1980, 
1981, and 1984). In the other 3 yr, the model under- 
estimated grain yield by 1 1  to 20% compared to the 
observed data. 
CONCLUSIONS 
The difference between observed and simulated 
TDM and grain yield showed that on average, the 
model underestimated TDM by 8% and overesti- 
mated grain yield by 2%. Good agreement between 
observed and simulated values was supported by the 
insignificant differences of the observed and simulated 
values from a one-to-one line (based on the test of 
significance of the intercept and the slope of the regres- 
sion line). 
Both the observed and simulated grain yield data 
of the two sorghum cultivars confirmed the superi- 
ority of CSH 6 to SPV 351 at higher plant densities. 
Greater harvest index and greater dry-matter accu- 
mulation rates in CSH 6 during the grain filling period 
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at higher plant densities resulted in greater grain yield 
in CSH 6 than SPV 351. The use of a cultivar-specific 
harvest index as input data in the model allowed the 
greater grain yield simulation in CSH 6 than SPV 35 1. 
Comparisons of simulated and observed grain yields 
showed that observed grain yields did not increase 
beyond 16 plants m-? for both sorghum cultivars, al- 
though simulated yield increased up to the highest 
plant density used (20 plants m--?). One reason for this 
discrepancy at the highest plant density could be that 
though the SORGF model assumes well-fertilized 
conditions, the amount of N ( 1  8 g m-2) applied during 
the crop growing season in the high rainfall environ- 
ment of 1983 ( 1  02 1 mm) was probably insufficient for 
maximum yield response. Fischer and Wilson (1975) 
and Freyman and Venkateswarlu (1977) reported in- 
creased grain yields with plant densities up to 64.5 
plants m-2 (for cv. RS 610), and 22 plants m-* (for 
cv. CSH 5), respectively. The increase in simulated 
grain yield above 20 plants m-? (results not shown) is 
quite small (less than 0.5 t ha ' )  for each additional 
10 plants m-?. and the rate of increase in simulated 
grain yield is progressively less with increasing plant 
densities. Thus, further investigation may be needed 
to verify the yield response of the model at very high 
plant densities such as 64.5 plants m--: as reported by 
Fischer and Wilson (1975). 
This study showed that the SORGF model responds 
to changes in plant density and thus appears useful 
for simulating the effect of plant density on the growth 
and yield of well-managed sorghum when input data 
on cultivar characteristics (total number of leaves, 
maximum area for each leaf, daylength and temper- 
ature relationships for phenological development, and 
dry-matter distribution coefficients), water holding ca- 
pacity of soils, latitude of the location, climate data 
(daily rainfall, maximum and minimum air temper- 
atures, and solar radiation), and agronomic manage- 
ment input (planting date and depth, row spacing, and 
plant density) are available. 
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